Introduction {#s1}
============

The incidence of the esophagogastric junction cancer (EGJC) is growing rapidly in Western countries. But this trend has not occurred in Eastern countries \[[@B1]--[@B4]\]. According to the anatomic cardia, Siewert defines that EGJC can be divided into three subtypes: type I, adenocarcinoma of the distal esophagus with the center located within 1 cm above and 5 cm above the anatomic esophagogastric junction (EGJ); type II, true carcinoma of the cardia with the tumor center within 1 cm above and 2 cm below the EGJ; type III, subcardial carcinoma with the tumor center between 2 cm and 5 cm below EGJ, which infiltrates the EGJ and distal esophagus from below \[[@B5]\]. Just as incidence is different between Western and Eastern countries, the distribution of the three subtypes of EGJC differs between Eastern and Western countries \[[@B6]\]. In Eastern countries, type II and III cancers are more common than type I \[[@B7]\]. Even a retrospective study in Taiwan indicates no type I patient in the past 20 years \[[@B8]\]. But in Western countries, the distribution of the subtypes is nearly equal \[[@B9]\]. Consequently, based on the different characteristics, the treatment strategies, surgical technique and pathological analysis are diversed.

As a junctional cancer between esophagus and stomach, previous staging produced different stage groupings for these cancers depending on use of either esophageal or gastric stage system. The American Joint Committee on Cancer (AJCC) 7th edition and Union for International Cancer Control (UICC) staging system first harmonizes cancer staging across the esophagogastric junction \[[@B10]\]. But the optimal extent of lymph node dissection is still controversial. Compare with D1, D2 or D3 lymphadenectomy for gastric cancer or 3-field or 2-field lymphadenectomy for esophageal cancer, the extent of lymph nodes dissection of the EGJC is varied \[[@B11]\]. Meanwhile, more D1 lymphadenectomy are performed in Western countries than in Eastern countries that their patients generally receive more extensive lymphadenectomies \[[@B12],[@B13]\]. The AJCC staging manual and some researches recommend 12 lymph nodes as the appropriate cut-off for lymphadenectomy in order to get a better survival benefit \[[@B14]--[@B16]\]. Therefore, it is important for an experienced pathologist to exam the specimen and for the surgeon to determine which technique modification is suitable for the lymphadenectomy \[[@B17]\].

Still some studies manifest that a number of patients do not receive a more than 12 lymph nodes lymphadenectomy. And this may result in a misleading of stage migration \[[@B18]\]. Lymph node ratio (LNR) is defined as the amount of positive lymph nodes divided by the amount of examined lymph nodes \[[@B19]\]. A number of researches propose LNR as a novel and independent prognostic factor that can reduce the phenomenon of stage migration in some other kinds of cancers \[[@B20],[@B21]\]. So base on the fact that many population-based studies of esophagogastric or cardia cancer indicate that surgeons and pathologists failed to accomplish a satisfied lymphadenectomy, we choose LNR as a potential prognostic factor to reduce the stage migration, especially for the less than 7 examined lymph nodes group which cannot reach an exact pathological stage. This study analyzes approximately 3500 esophagogastric cancer patients from the Surveillance, Epidemiology, and End Results (SEER) database who underwent surgery between 1988 and 2009.

Results {#s2}
=======

Patients and the Demographic and Pathological Characteristics {#s2.1}
-------------------------------------------------------------

There are 3481 patients in the SEER database who fulfilled the critical selection criteria between 1988 and 2009. Demographic and pathologic characteristics of group 1 and group 2 are summarized in [Table 1 and Table 2](#tab1){ref-type="table"} respectively.

###### Univariate Analysis According to Clinicopathologic Factors in 2522 Patients with 7 or more Lymph Nodes Resected Who Underwent Surgery for AEG.

  Factor             Patient (number)   5-years survival rate   95% CI       *P* value
  ------------------ ------------------ ----------------------- ------------ -----------
  All                2522               32                                   
  Gender                                                                     0.261
  Male               2039               31                      61.6-79.4    
  Female             483                35                      62.7-71.2    
  Age (years)                                                                \<0.001
  \<70               1627               34                      73.4-84.1    
  ≥70                895                26                      44.7-53.5    
  Race                                                                       0.801
  White              2215               31                      63.3-71.5    
  Black              102                34                      46.3-79.1    
  Others             202                38                      57.1-81.2    
  Unknown            3                  33                      9.4-29.9     
  Tumor size (mm)                                                            \<0.001
  \<30               480                46                      82.8-104.6   
  ≥30                1687               27                      55.6-64.1    
  Unknown            355                35                      56.2-71.7    
  Grade                                                                      \<0.001
  Well               128                51                      90.4-129.0   
  Moderately         830                37                      66.3-79.7    
  Poorly             1337               25                      51.8-61.4    
  Undifferentiated   79                 25                      33.9-62.3    
  Unknown            148                49                      88.9-130.2   
  AJCC N stage                                                               \<0.001
  N0                 885                57                      99.3-115.0   
  N1                 488                27                      54.1-69.4    
  N2                 583                21                      43.6-56.2    
  N3                 566                9                       24.9-34.0    
  Lymph node ratio                                                           \<0.001
  LNR 0              885                57                      99.3-115.0   
  LNR 1              569                29                      57.4-72.8    
  LNR 2              471                20                      41.9-54.9    
  LNR 3              597                8                       23.5-31.6    

###### Univariate Analysis According to Clinicopathologic Factors in 959 Patients with Less Than 7 Lymph Nodes Resected Who Underwent Surgery for AEG.

  Factor             Patient (number)   5-years survival rate   95% CI        *P* value
  ------------------ ------------------ ----------------------- ------------- -----------
  All                959                31                                    
  Gender                                                                      0.195
  Male               787                31                      51.6-62.4     
  Female             172                32                      54.4-82.1     
  Age (years)                                                                 \<0.001
  \<70               570                34                      61.5-76.5     
  ≥70                389                26                      39.1-50.1     
  Race                                                                        0.892
  White              881                31                      53.5-64.2     
  Black              29                 38                      36.4-88.0     
  Others             48                 29                      37.0-80.2     
  Unknown            1                  1                       121.0-121.0   
  Tumor size (mm)                                                             \<0.001
  \<30               275                43                      65.1-85.9     
  ≥30                499                24                      40.8-51.5     
  Unknown            185                33                      57.4-89.9     
  Grade                                                                       \<0.001
  Well               51                 41                      47.3-83.5     
  Moderately         303                35                      56.7-75.8     
  Poorly             478                25                      42.9-54.8     
  Undifferentiated   26                 34                      30.1-87.1     
  Unknown            93                 43                      59.8-104.2    
  AJCC N stage                                                                \<0.001
  N0                 529                45                      73.2-89.4     
  N1                 283                16                      28.9-39.6     
  N2                 147                11                      21.2-34.3     
  Lymph node ratio                                              \<0.001       
  LNR 0              529                45                      73.2-89.4     
  LNR 1              59                 27                      34.1-65.4     
  LNR 2              83                 14                      28.1-49.1     
  LNR 3              288                11                      22.5-31.0     

Most patients were male (81.2%) and white (88.9%). There are 2522 patients with 7 or more lymph nodes resected (group 1) and 959 patients with less than 7 lymph nodes resected (group 2). 44611 lymph nodes are examined in all patients. In group 1, patients who have 7 or more lymph nodes resection, there are a total of 41067 resected (median, 14; mean, 16.3; range, 7--78) among which 9928 lymph nodes (24.2%) are found to be metastatic. In group 2, a total of 3544 lymph nodes (median, 4; mean, 3.7, range, 1--6) are removed and examined, and 947 (26.7%) resulted metastatic.

All the prognostic factors are considered at univariate analysis. In group 1 and group 2 patients, the factors retained are the following: age, tumor size, grade, AJCC N stage and LNR. Multivariate analysis shows that both LNR and lymph node involvement are independent prognostic factors. But the LNR categories have a better prognostic value than the AJCC N categories for the reason that the LNR categories have a higher hazard ratio than the AJCC N categories (HR 1.450 versus 1.098). Meanwhile, if only combined LNR and AJCC N stage by using the Cox regress analysis, just the LNR indicates an independent prognostic factor.

AJCC N and Lymph Node Ratio Categories {#s2.2}
--------------------------------------

For group 1 patients, the 5-year overall survival rate for the four AJCC N categories (N0-N3) is 57%, 27%, 21% and 9%, respectively (*P* \< 0.001). Meanwhile, according to the LNR categories (LNR 0-LNR 3), the 5-year overall survival rate is 57%, 29%, 20% and 8%, respectively (*P* \< 0.001). For group 2 patients, the situation is that the 5-year overall survival rate are 45%, 16% and 11% respectively (*P* \< 0.001) in terms of the three AJCC N categories (N0-N2) and 45%, 27%, 14% and 11% respectively (*P* \< 0.001) according the LNR categories (LNR 0-LNR 3). Compare the 5-year overall survival rate of the two subgroups, we can find that those with 7 or more lymph nodes examined have significantly better survival rate than those with less than 7 lymph nodes examined for all N categories (*P* \< 0.001, [Figure 1](#pone-0073238-g001){ref-type="fig"}). But there is no significant difference in 5-year overall survival rate when the LNR 1, LNR 2, and LNR 3 categories are stratified into subgroups with 7 or more lymph nodes and less than 7 lymph nodes examined ([Figure 2](#pone-0073238-g002){ref-type="fig"}). What we need explain specially is that the AJCC N0 category and the LNR 0 category have same 5-year overall survival rate for the two subgroups because zero positive lymph node leads a zero numerator of LNR no matter how many lymph nodes are examined. This observation is also supported by the better prognostic discrimination associated with the LNR system when compared with that associated with the AJCC N system using the mean and 95% confidence interval ([Figure 3](#pone-0073238-g003){ref-type="fig"}). Thus, the 7th edition of AJCC N categories represent subgroups of patients with fairly wide ranges in overall survival when stratified by the number of examined lymph nodes. However, the use of LNR categories significantly reduces the range of overall survival within subgroups with 7 or more and less than 7 lymph nodes examined.

![Overall survival according to AJCC N stage, stratified by the number of examined lymph nodes.](pone.0073238.g001){#pone-0073238-g001}

![Overall survival according to LNR categories, stratified by the number of examined lymph nodes.](pone.0073238.g002){#pone-0073238-g002}

![Comparison of prognostic discrimination power between the traditional AJCC N categories and LNR categories.\
Y axis, the mean and 95% confidence interval of overall survival (month). X axis, A. different AJCC N stage with 7 above lymph nodes resected or not; B. different LNR stage with 7 above lymph nodes resected or not.](pone.0073238.g003){#pone-0073238-g003}

Additionally, we compare AJCC N stage and LNR categories. First, each N category (N0-N3) is stratified into LNR subgroups. After this stratification, each AJCC N stage is found to contain subgroups of patients with significantly heterogeneous 5-year overall survival rate ([Table 3](#tab3){ref-type="table"}). The maximum difference in 5-year overall survival rate across subgroups is within the AJCC N3 category, where 5-year overall survival rate for the LNR 1 subgroup is 56% and for the LNR 3 subgroup 5%, representing a difference of 51%. Second, each LNR category (LNR 0-LNR 3) is stratified into AJCC N subgroups. After this stratification, the maximum difference in 5-year overall survival rate is within the LNR 1 category and this difference is only 28%. After scrutinize the data of the table, this super divergence is caused of the patients who are classified as AJCC N3 and LNR 1 which only contain 7 patients (unique subgroup less than 100 cases). However, if we remove the data which may result in the misleading, we can also find that the maximum difference is 20% within the AJCC N2 category and 8% within the LNR 3 category. These results indicate that compared with AJCC N categories, LNR categories represent patients with more homogeneous overall survival rate.

###### 5-Year Overall Survival Rate Based on 7th Edition AJCC N Category and LNR Category.

       Lymph node ratio                                      
  ---- ----------------------------- ----------- ----------- -----------
  N0   52% (1414)^[\*](#ngtab3.1)^   \-          \-          \-
  N1   \-                            28% (496)   17% (134)   12% (141)
  N2   \-                            33% (125)   18% (313)   13% (292)
  N3   \-                            56% (7)     24% (107)   5% (452)

5-year overall survival rate (number of patients)

Discussion {#s3}
==========

In this retrospective study, we investigated the prognostic value of LNR in a group of patients who underwent curative resection for EGJC from the SEER database. But the number of lymph nodes resected in 27.5% patients is less than 7 which cannot get an exact lymph nodes staging according to the 7th edition of the AJCC staging manual. Several potential reasons exist for this. First, EGJ, an anatomical junction which is not like the gastric cancer or esophageal cancer, is lack of detailed rules and regulations in searching the lymph nodes. Second, the number of lymph nodes resected is depended on the surgeon and the pathologist who varied in effort and technique as they searched for lymph nodes. Furthermore, as a junctional cancer, the surgery is done by the general surgeon or the thoracic surgeon and this may result in the confusion during the operation. Finally, the number of lymph nodes present in any given individual is variable and can be influenced by the patient, the tumor, and the treatment characteristics, such as the neoadjuvant chemotherapy \[[@B22],[@B23]\].

The overall survival rate of group 1 is significantly different from that of group 2, both in AJCC N1 and N2 stage patients. We can conclude from the result that the number of metastatic lymph nodes may be underestimated if few lymph nodes are removed. And this can be reconfirmed by the AJCC N0 patients that those who have less than 7 lymph nodes resected have a significantly worse overall survival rate than those who have 7 or more lymph nodes resected. This finding may be due to the fact that some AJCC N0 patients from group 2 may turn out to be lymph nodes positive if a more extended lymphadenectomy have been performed. The underestimated AJCC N stage can lead to the understaging of patients which may limit the prognostic value of N stage. Further, this may result in some misleading of the treatment. But this phenomenon does not appear in LNR system. The overall survival rate of group 1 and group 2 does not show a significant difference in LNR 1 to LNR 3. The ratio between positive and examined lymph nodes has been proposed as a better category that can be used to identify subgroup of gastric and colon cancer patients \[[@B22],[@B24]--[@B26]\]. The prevailing theory is that a thorough LNR evaluation results in more accurate staging and, thus, better determination of prognosis. But we need to know that in cancer staging systems, the staging recommendations apply to both clinical and pathologic staging. Clinical determination of positive lymph node number is possible and correlated with survival while we cannot measure the number of examined lymph nodes before the surgery. So the LNR is only measurable in pathologic staging.

According to the UICC/AJCC 7^th^ edition, A tumour, with the epicenter of which was within 5 cm of the esophagogastric junction (EGJ) and also extended into the esophagus, was classiﬁed and staged according to the esophageal scheme. And all other tumours with an epicenter in the stomach greater than 5 cm from the oesophagogastric junction or those within 5 cm of the esophagogastric junction without extension into the esophagus were staged using the gastric carcinoma scheme. The esophagus and stomach have different anatomical and histological structure. This may cause great controversy of the tumor staging, especially about the different depth of invasion. So LNR can be a helpful system to classify the EGJC. It is not just has a more homogeneous overall survival rate, it also can a better prognostic value than the AJCC stage categories for the reason that the LNR system has a higher hazard ratio than the AJCC stage categories (HR 1.541 versus 1.007) when only the two factors are compared in the Cox model (the data only include the patients who have exact AJCC stage in the SEER database).

In our study, the optimal cut-offs for lymph nodes ratios are determined using a cohort of patients with a median of 11 examined lymph nodes. The major advantage of this staging system is that it is applicable to the majority of patients undergoing operation with limited lymphadenectomy and it is already validated. But the cut-off value has not reached a explicit criterion. When we divide the LNR with 5% increment, we find that patients with LNR between 60% and 65% have an odd 5-year overall survival rate. They have a significantly better survival rate than the LNR between 45% and 60%. After carefully and furtherly analyse the data, we find that patients whose LNR are between 60% and 65% (35 patients with more than 7 lymph nodes examined) have more lymph nodes resected (median, 13; mean, 17.4, range, 8--59) than the other patients. Just as 7th AJCC manual, an appropriate lymphadenectomy may reach some prognostic values.

Materials and Methods {#s4}
=====================

Patients {#s4.1}
--------

The SEER Program of the National Cancer Institute (NCI) is an authoritative source of information on cancer incidence and survival in the United States which covers approximately 28% of American population. Data collected include patient demographic information, pathological information and survival from 1988 to 2009. The Inclusion criteria are: 1. Patients with cancer located in esophagogastric junction; 2. ICD-O-3 code within the range of 8000--8152, 8154--8231, 8243--8245, 8247--8248, 8250--8576, 8940--8950, 8980--8981; 3. Patients who underwent surgery and exact pathological details can be achieved (include the amount of positive lymph nodes, the amount of examined lymph nodes and the depth of invasion); 4. Patients who lived more than three months after surgery; 5. Patients without distant metastasis. Then, the data from SEER are subdivided into two groups: Group 1 is composed of patients with 7 or more lymph nodes resected; Group 2 consists of patients with less than 7 lymph nodes resected. Because only patients who received the 7 above lymphadenectomy could make an accurate N stage according to the AJCC 7th edition.

Statistical Analysis {#s4.2}
--------------------

Continuous data are presented as the mean ± standard deviation (SD). The survival status is analyzed by Kaplan-Meier survival curves, and univariate analysis is performed by using the log-rank test. Multivariate analysis is performed by using the Cox proportional hazards model. The three cut-off points are chosen by stratifying patients into 20 groups with 5% increment in node ratio. Then, three LNR stages are established by combining the neighborhood survival curves using the log-rank test \[[@B24]\]. The analyses identify the following best cut-off values: LNR 0, 0%; LNR 1, 0%--20%; LNR 2, 20%--45%; LNR 3, \>45%. The following independent variables are analyzed: 1. Age (\<70 years old versus ≥70 years old); 2. Sex (male versus female); 3. Race (white versus black versus others); 4. Tumor size (\<30 mm versus ≥30 mm); 5. Grade (well versus moderately versus poorly versus undifferentiated); 6. AJCC N stage (N0 versus N1 versus N2 versus N3); 7. LNR (LNR 0 versus LNR 1 versus LNR 2 versus LNR 3). Statistical analyses were performed using SPSS 13.0. All statistical tests were conducted 2-sided, and *P* values \< 0.05 were considered to be statistically signiﬁcant.

Conclusions {#s5}
===========

In conclusion, this study defines that the LNR is an independent prognostic factor for esophagogastric junction cancer. The LNR can prevent stage migration and may be an helpful system to predict the prognosis of esophagogastric junction cancer patients.
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